Despite the localization of P-lactamase to a plasmid genome in H. influenzae, in a recent survey we were unable to isolate extrachromosomal plasmid DNA in 43 of 66 13-lactamase-producing clinical isolates, regardless of the method used for plasmid DNA isolation (19) . However, these plasmid-free strains conjugally transferred resistance to a susceptible recipient strain but at a frequency significantly lower (10-6 as opposed to 10-3) than those which contained extrachromosomal R factors. Moreover, transconjugates produced from matings employing plasmid-free donors contained 30-Md plasmids. These observations suggested that in plasmid-free 1-lactamase-producing isolates, the genetic determinants for production of this enzyme were integrated into the chromosome.
In this report, Southern transfer of restriction enzyme-digestedwhole-cellDNAofseveralampicillin-resistant,plasmidnegative H. influenzae clinical isolates and hybridization to 32P-labeled plasmid sequences isolated from transconjugant strains provided physical evidence of integration of the plasmid genome into the host cell chromosome in all plasmidfree, ,B-lactamase-producing strains examined.
This information was presented in part at the 52nd meeting of the Society for Pediatric Research, Washington, D.C.,
1982.
Conjugation of the 1-lactamase-producing, plasmid-free H. influenzae clinical isolates listed in Table 1 with ampicillin-susceptible H. influenzae Eagan (1) results in the low-frequency transfer of ampicillin resistance to transconjugant strains which uniformly harbor 30-Md plasmids (19) . To examine the possibility that these plasmid sequences may be integrated into the donor-cell chromosome, both the presence and organization of plasmid sequences in these strains were determined by restriction enzyme digestion and Southern transfer, followed by hybridization to 3P-labeled plasmid DNA isolated from respective transconjugants.
Plasmid-specific fragments generated by restriction endonuclease digestion of the chromosome of the plasmid-negative donor strain A and the recipient strain Eagan were compared to those obtained by similar digestion of the * Corresponding author.
30-Md plasmid (pA/E) isolated from the transconjugant strain A/Eagan (Fig. 1) . Digestion of strain Eagan DNA with Sacd and hybridization to 32P-labeled pA/E did not reveal fragments characteristic of plasmid sequences (Fig. 1, lane  A) . SacI digestion of pA/E DNA and subsequent hybridization to 32P-labeled pA/E produced four fragments of 23.9, 12.5, 8.1, and 6.4 kilobases (Fig. 1, lane C) . In contrast, SacI-digested chromosomal DNA from plasmid-negative donor strain A (lane B) yielded three of the four pA/Especific fragments as well as two other fragments not present in the plasmid digest. A change in mobility of a single plasmid-specific fragment in digests of the donor chromosome indicated that integration of the entire plasmid genome had occurred. Data consistent with integration of plasmid sequences in strain A were also obtained after digestion with the restriction endonucleases BglI, XhoI, and PvuII ( Fig. 1, 
lanes D through I).
Plasmid sequences were maintained in a stable fashion in the strain A chromosome because digests of DNA isolated from cultures obtained after several in vitro serial passages produced results identical to those depicted in Fig. 1 (data not shown). Furthermore, alterations in plasmid sequences did not occur as a consequence of conjugal transfer, since restriction enzyme digestion of 30-Md Ampr plasmids isolated from both plasmid-bearing donor strains and the recipient strains after transfer yielded identical results (data not shown).
Plasmid integration in H. influenzae is apparently a common event, because this phenomenon was also observed in all three additional plasmid-free, ampicillin-resistant strains examined (Fig. 2) . SacI digests of chromosomal DNA from strains 44, 518, and 477 were compared to identical digests of DNA isolated from each respective transconjugant strain after hybridization to 32P-labeled pA/E (Fig. 2A) . The results observed when these digests were compared are changes consistent with integration of plasmid sequences in each strain. Detection of plasmid sequences in these strains by hybridization with pA/E is made possible by the high degree of homology (>60%) (13, 14 ; unpublished data) shared by conjugative ampicillin resistance plasmids isolated from H. influenzae. These results were further substantiated by digestion of whole-cell DNA from H. influenzae strains 518 and 477 with the restriction endonuclease XhoI and subsequent hybridization to 32P-labeled p477/E, (Fig. 2B ).
Tn3, a well-studied member of the TnA family, promotes transient cointegration of replicons as a by-product of transposition (8) . Thus, the possible involvement in plasmid analyzed the genomes of four plasmid-free, P-lactamaseproducing clinical isolates of H. influenzae for the presence of plasmid DNA. Hybridization of chromosomal DNA from these strains to 32P-labeled plasmid sequences isolated from recipients after conjugal transfer demonstrated that the 30-Md plasmid commonly associated with ampicillin resistance in H. influenzae may be maintained by stable integration into the host cell chromosome.
The mechanism for integration is, as yet, unclear. Replicon fusion in other bacterial genera may be mediated in a stable fashion by short inverted repeats (insertion sequences), copies of which may be found either as independent elements on plasmid or host cell genomes, or in association with composite transposons such as TnS and Tn9 (7, 9, 10) . Alternatively, fusion may occur transiently by mobilization of class II transposons, the most notable being Tn3 (8) . Although ,B-lactamase production in H. influenzae is uniformly transposon associated, plasmid integration in these strains does not appear to occur as a consequence of Tn3 transposition, because hybridization with Tn3-specific sequences localized the ampicillin resistance determinant on a region of the plasmid not involved in the integration event.
Thus, other mobile elements, perhaps unique to H. influenzae, such as the insertion sequence recently found to be A B That selection for the integrated plasmid phenotype may occur as a consequence of invasive disease is provocative. Experimental colonization of infant rats with ampicillin-resistant H. influenzae strains bearing extrachromosomal R factors demonstrates a reduced virulence in those strains when they are compared to their ampicillin-susceptible, plasmid-negative counterparts (4). Importantly, preliminary evidence suggests that strains containing integrated R factors remain fully virulent (unpublished data). These observations, coupled with the high incidence with which strains apparently harboring integrated plasmids are isolated from blood or cerebrospinal fluid of patients with systemic ampicillin-resistant H. influenzae type b infections (19) , may suggest a role for plasmid integration in maintenance of organism virulence.
